The omnipresent tilt-to-length coupling in two-beam laser interferometers, frequently a nuisance in precision measurements, vanishes for the singular case of two beams with identical parameters and complete detection of both beams without clipping. This effect has been observed numerically and is explained in this paper by the cancellation of two very different effects of equal magnitude and opposite sign.
I. INTRODUCTION
One recurring noise source in precision interferometric length measurements is the parasitic coupling of misalignments (tilt) into the length readout, which arises due to straightforward geometrical pathlength changes of the beam axis. In this manuscript we show that in the special case of two identical fundamental Gaussian beams, a large detector without any clipping and a pivot placed directly on the beam axis another effect of the same magnitude and the opposite sign occurs which to first order cancels the geometrical pathlength change in the interferometric measurement.
This manuscript does not investigate the effect of a lateral offset between pivot and beam axis, but only the effect of a lever arm between pivot and photodetector. * Corresponding author: soenke.schuster@aei.mpg.de
II. GEOMETRICAL COUPLING
We consider a simplified interferometer reduced to its essential components. Only the reference beam, the (tilted) measurement beam, and the photodiode are considered (Fig. 1) . The photodiode detects the interference pattern between the measurement and reference beams, and from its photo-current it is possible to determine the phase difference between the two beams by a variety of different readout schemes, both homodyne and heterodyne [1] . 
Here, α is the beam angle and d pivot the distance between pivot and photodiode (as shown in Fig. 1 ). One would expect that this geometric pathlength change always appears in the measured s LPS . This paper shows that this is indeed true for plane waves, but not for Gaussian beams.
III. PLANE WAVES
In this section, the relation between the geometrical pathlength change and the s LPS is discussed for the case of two plane waves. The electric field for an infinite plane wave is given by:
if the plane wave propagates in z direction, where k = 2π/λ is the wave number, ω the frequency, A the amplitude and Φ the initial phase.
This expression is used for the reference beam 
A more detailed explanation of this transformation can be found in [2] . The tilted electric field is now defined similar to E ref , but with new coordinates:
Since the z position of the photodiode plane is arbitrary, it can be set to zero. The pathlength difference between the two beams is encoded in the intensity of the superposition between the two beams and thus also in the power as measured by a photodiode. By computing the integral of the intensity over the entire sensitive area, it is possible to extract the pathlength difference by analysing the power fluctuation on the photodiode [1] . The same information is also covered in the complex phase of the integral over the overlap term:
We prefer to extract the phase from the complex overlap term (Eq. (6)) instead of from the power variation as this reduces the computational effort. Since the s LPS does not change in time we set t = 0. An integration of the overlap term over a square detector at position z = 0 (side length 2r pd ) gives the overlap integral for plane waves O P ovi , which corresponds to the complex amplitude in [1] :
The complex phase of this integral describes the phase difference between the two plane waves.
This phase difference can be translated to the s LPS using the wave number k:
Thus, two plane waves on a detector show approximately the geometrical coupling ∆s geo , confirming the intuitive results from Eq. (1).
IV. GAUSSIAN BEAMS
In laser interferometers, fundamental Gaussian beams are a more appropriate description than plane waves. We start with the special case of two identical fundamental Gaussian beams and an infinite detector (i.e. both beams are completely detected without any clipping). The amplitude of the electric field is irrelevant for the pathlength signal and is therefore set to unity.
The Gouy phase is also ignored, since its offset is negligible in the case of equal beams. The electric field can then be written as [3, 4] :
with the complex q parameter q = (z − z 0 ) + iz R , where z R is the Rayleigh range. The expression in Eq. (9) is used for the reference beam 
with:
This leads to the resulting pathlength change: agation maps the wave upon itself and causes therefore no effect. This is different for Gaussian beams: Due to the Gaussian intensity profile, there is a uniquely defined center. To investigate the effect of the generated offset in the case of Gaussian beams, the initial setup (Fig. 1) is changed to create a situation with an angleinvariant offset and no lever arm. We place the pivot directly on the detector. Furthermore, the measurement beam is placed with a transversal offset and tilted around its center on the SEPD (Fig. 3) . According to Eq. (1) 
This coupling is a result of a static offset. To compute the effect of the dynamic (angle depending) offset in the initial case (as shown in Fig. 1 ), the offset itself (d offset ) has to be replaced by its geometric expression:
By combining Eq. (13) and (14) the coupling caused by the offset in the initial setup becomes: shows that additional coupling terms appear, Therefore, the effect described in this paper only appears under very specific circumstances.
However, it can be used in various situations for example to stabilize an interferometer and investigate additional coupling effects. A manuscript on experiments that make use of this effect to measure the tilt to length coupling caused by a quadrant photodiode is in preparation.
Another well known way to explain this effect for very small tilt angles is to express the tilt as an excitation of the Hermite-Gaussian (HG) 01 mode as explained in [6] . Due to the orthogonality of the HG modes this excitation will not change the pathlength readout when the entire interference pattern is detected. However, this is only an approximation that is valid for very small angles (much smaller than the far field divergence [6] ) and already the angles in the present examples are significantly too large to be suitably expressed as an excitation of only the HG 01 mode.
VI. CONCLUSIONS
It was shown that the computed coupling be- 
